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Irrigation Cost and Return Analysis: General Information 
Mark Peterson and C. F. Cromwel!, Jr., Department of Agricultural Engineering, and 
Herman Workman, Department of Agricultural Economics, College of Agriculture 
A series of four UMC Guides provides a procedure for 
complete economic analysis of an irrigation system. Use this 
Guide with others on Annual Ownership Costs, Annual Op-
eration Costs, and Cost and Return Analysis Summary. For 
Cash flow implications of irrigation investments, see UMC 
Guide 1694, "Cash Flow Analysis of Irrigation and Land 
Grading Investments." 
General information including pumping rate in gallons 
per minute, pumping head in feet, and fuel used per unit of 
time is needed to determine relative performance and oper-
ating costs of an irrigation system. 
In planning a new well, use estimates of pumping rates 
and pumping head that would be expected in your area. Then 
you can determine brake horsepower and power unit size. 
Also, estimate annual fuel cost per unit. Use local interest 
rates to determine ownership or fixed costs. 
Example 
The sample form on general information describes a typi-
cal gated pipe system on the Missouri River bottom. Follow 
these instructions for completing the form with the example, 
then substitute information from your farm to begin your 
analysis. 
Item 1. Assume a well is pumping 1200 gallons per minute 
(gpm) at a pumping head of 54.5 feet. Measure the rate with 
a commercial flow meter, parshall flume, or orifice plate, or 
make an estimate by the plumb bob method. Wells in the 
planning stage have only an assumed pumping rate. If a 
centrifugal pump will be used to pump from a reservoir or 
stream, a general rule of thumb is to select a pump that will 
deliver 10 gpm for every acre to be irrigated by surface sys-
tems, 5 to 7 ½ gpm for every acre to be irrigated by sprinkler 
system. Enter 1200 in Item 1. 
Sample 
1. 
2. 
GENERAL INFORMATION 
Pumping rate, gpm ..•...•..................... 
Pumping head 
a. 
b. 
Elevation from water level at source to high point in irrigated area 
Pipe friction loss •..... 
c. Flexible hose friction loss, ____ psi x 2. 31 = 
d. Sprinkler discharge pressure, ____ psi x 2. 31 = 
e. Miscellaneous friction losses: elbows, riser height, traveling 
sprinkler machine, etc ..•. 
f. Total operating head . ... 
3. Continuous brake horsepower required by the pump, bhp 
bhp = (5 7. 5 tota I feet of head) (1200 gpm) 
(4000) (.70 pump efficiency) (.95 drive efficiency) 
4. Engine size needed: 25. 9 bhp x 1. 59 Horsepower adjustment factor = 
5. Volume of water pumped in one year, acre-inches 
6. · Estimated annual pumping hours 
7. Fuel, gasoline, cost per unit 
8. Interest rate ..•• • •... 
1690 
26 ft. 
26. 9 ft. 
ft 
ft. 
4. 6 ft. 
57. 5 ft. 
1200 
25. 9 bhp 
Maximum 
41. 2 corrected 
horsepower 
720 acre-inches 
270 hrs. 
$.20 
8% 
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Item 2. Determine the operating head for an irrigation sys-
tem by adding items under Pumping Head, Item 2 in the 
example form. 
2a. In the example, the elevation from the water level in 
the well to the high point on the irrigated field is 26 
feet. 
2b. Pipe friction loss for the example, from pipe friction loss 
tables, is computed to be 26.9 feet of head. 
Note: Only a foot of head is needed for flow at the high-
est point or farthest gate in a gated pipe system. Ask for 
assistance in estimating system pressures from dealers or 
manufacturer's representatives, UMC Extension Agricul-
tural Engineering Specialists, or Soil Conservation Service 
personnel. 
2c. There is no flexible hose in gated pipe systems. 
2d. There is no sprinkler discharge pressure in gated pipe 
systems. 
2e. Allow two psi for elbows and other miscellaneous fric-
tion losses. 2 psi x 2.31 = 4.6 feet of head. Note: Riser 
height of traveling guns and other sprinkler systems 
should also be included. In addition, the friction loss 
through traveling gun sprinkling machines, usually about 
6 psi, should be included. 
2f. Pumping head components are added, and equal 57.5 
feet. 
Ask for assistance in estimating pressures for gated pipe 
or sprinkler systems, from your irrigation equipment dealer, 
your University of Missouri Extension Center, or from your 
local Soil Conservation Office. 
Item 3. Continuous brake horsepower required by the pump, 
bhp, is needed to determine engine size, fuel and oil consump-
tion, and repair and maintenance costs. 
If pump rating curves are not available, use a pumping 
efficiency of 70 percent for new units or existing pumps in 
good adustment. Drive efficiency for pto pumps and gear 
heads is approximately 95 percent. V-belt and flat belt drives 
may be assumed to have drive efficiencies of 90 and 80 per-
cent respectively. 
To determine continuous brake horsepower required by 
the pump, multiply total feet of head (57.5) by gallons per 
minute (1200) and divide by 4000, pump efficiency (.70), and 
drive efficiency (.95) . 
Item 4. Internal combustion engine horsepower ratings are 
generally measured by short-term tests, at cool temperatures, 
at sea level and without accessories. Thus these horsepower 
ratings exceed their actual continuous brake horsepower out-
put, and must be reduced accordingly. In the example, we 
assume the engine has a radiator, fan, and generator; and 
that it will operate in 110 degrees F. air temperature at an 
elevation of 1000 feet above sea level. If the manufacturer's 
maximum corrected power curve is available, determine the 
proper size power unit by making the following adjustments 
at the required RPM: 
1. Fan and generator require 15 percent of engine power, so 
divide brake horsepower of the pump by 85 percent. Sub-
stituting an in-line heat exchanger for a radiator and fan 
reduces this power loss to 4 percent. Note: the engine can 
only be operated briefly without water flow through the 
heat exchanger. 
2. High ambient air temperatures reduce engine power; for 
every 10 degrees Farenheit about 60 degrees, power is re-
duced by 1 percent. For 110 percent F. ambient air tem-
perature, divide bhp by 95 percent. 
3. For every 1000 feet elevation above sea level, horsepower 
is reduced by 3 percent. For 1000 feet elevation, divide 
bhp by 97 percent. 
4. As irrigation pumping units are operated under continu-
ous service, divide bhp by 80 percent. Formula : 
. . 25.9 bhp 
Engine size = -----~- - 41.2 Maximum 
.85 X .95 X .97 X .80 corrected 
horsepower 
So, an engine rated at 41.2 maximum corrected horse-
power is needed for the 25.9 continuous bhp pump require-
ment. 
To eliminate the above calculations, multiply brake 
horsepower by the horsepower rating adjustment factor from 
Table I: (25.9) (1.59) = 41.2. 
TABLE I. HORSEPOWER RATING ADJUSTMENT FACTORS* 
Engine Max. Air Elevation Above HP Rating 
Accessories TemQerature, OF Sea Level, Feet** Adjustment Factor 
Fan and generator 90°-100° 0-500' 1. 56 
II II II II 90°-100° 1000' 1.58 
II II II II 90°-100° 2000' 1. 63 
II II II II 100°-110° 0-500' 1. 58 
II II II II 100°-110° 1000' 1.59 
II II II II 100°-110° 2000' 1.65 
Heat exchanger and 
90°-100° generator 0-500' 1.39 
II II II 90°-100° 1000' 1.40 
II II II 90°-100° 2000' 1.44 
II II II 100°-110° 0-500' 1.40 
II II II 100°-110° 1000' 1. 41 
II II II 100°-110° 2000' 1.46 
*Adjustment factors include adjustment for continuous duty. 
**For elevation above sea level, see back page. 
-
Your operating conditions of air temperature and eleva-
tion may be different from those used in the example. Use 
Table I to find the adjustment figures that fit your situation. 
An engine purchased for this pump will likely be larger 
than required because engines are in step sizes. However, se-
lect an engine that is less than one and one-half times the 
calculated horsepower requirement to get the most efficient 
fuel consumption. (In this case, select an engine no larger 
than 57.6 HP.) A (very) rough estimate of available horse-
power can be made if manufacturer's horsepower ratings are 
not known but engine displacement is known. Divide gaso-
line engine displacement in cubic inches by four or diesel 
displacement by three to (roughly) estimate continuous brake 
horsepower. Always check Nebraska tractor test ratings or 
manufacturer's data if available. 
If a farm tractor will be used, the horsepower required 
by the pump should not exceed 75 percent of the maximum 
belt or p.t.o. horsepower output. This maximum of 75 per-
cent would apply only when the tractor is in new or excel-
lent condition. A lower percentage should be used for old 
combine engines or older tractors, perhaps dropping to 50 
percent or lower for tractor engines in only fair mechanical 
condition. See UMC Guide 1658, "Tractor Power for Irriga-
tion Pumping." 
An electric motor can be temporarily overloaded by a 
small amount. In our example, if we used an electric motor 
connected directly to the pump, we would consider drive 
efficiency at 100 percent, and the bhp required, 25 .9. In this 
case select a 25 horsepower electric motor. 
The 1971 National Electrical Code permits overcurrent 
protection at 125 percent of the motor full load current rat-
ing for motors marked with a service factor of 1.15 or a tem-
perature rise of not over 40° C ( 104 ° F). All other motors 
should be protected at not over 115 percent of the motor full 
load current. The Code also requires a motor overcurrent unit 
in each phase of any three-phase, alternating current motor. 
For further information on motor protection, see Article 430 
of the National Electrical Code. 
Item 5. First, estimate the inches of water chat will be needed 
in a year. Experienced irrigacors can help you, or you can 
compute a reasonable estimate, such as 5 to 6 inches. 
Multiply the number of acres to be irrigated by the total 
depth of water in inches, co determine the total volume 
pumped during the season. The average rainfall deficit of 6 
inches in Missouri could be used . Assuming 120 acres will 
be irrigated with an average of 6 inches each year, the vol-
ume of water .to be pumped would be 120 acres x 6 inches= 
720 acre-inches. 
Item 6. Continuous pumping at a rate of 450 gallons per 
minute will provide one acre-inch of water in one hour. Di-
vide the pumping rate in gallons per minute (gpm) by 450 
to obtain the pumping rate in acres-inches per hour. In our 
example, 1200 gpm+450=2.67 acres-inches per hour. 
Divide the total volume of water in acre-inches by the 
pumping race in acre-inches per hour co obtain the number 
of hours that the system will operate in an average year. In 
our example, 720 acre-inches+ 2.67 acre-inches per hour= 
270 hours. 
Item 7. Type of fuel planned in this example is gasoline. 
Expected cost per unit engine use is 20¢ per gallon. 
Item 8. Interest rate if money were borrowed is 8% 
GENERAL INFORMATION 
l. 
2. 
3. 
Pumping rate, gpm ........ . 
Pumping head 
a. Elevation from water level at source to high point in 
area . 
b. Pipe friction loss 
c. Flexible hose friction loss: psi X 2. 31 = 
d. Sprinkler discharge pressure psi X 2, 31 = 
e. Misce I laneous friction losses: elbows, riser height, 
sprinkler machine, etc. 
Continuous brake horsepower required by the pump, bhp 
bhp = 
( tota I feet of head) ( 
( 4000) ( pump efficiency) ( 
irrigated 
traveling 
gem) 
______ ft. 
______ f.t. 
______ ft. 
______ ft. 
______ ft. 
drive efficiency) = 
_______ gpm 
_____ bhp 
4. Engine size needed: _____ bhp x _____ Horsepower adjustment factor= 
Maximum 
______ corrected 
5. Volume of water pumped in one year: 
_____ acres x _____ inches = 
6. Estimated annual pumping hours: 
Pumping hours = 
( acre-in.) x (450) 
(pumping rate, ____ gpm) 
7. Fuel, _____ , cost per unit 
8. Interest rate 
horsepower 
ac. 
_______ in. 
_______ hrs. 
$ 
________ % 
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This material adapted from Nebraska Extension Circular 
64-733, "Pump Irrigation-Cost Analysis," by Deon D . Ax-
thelm and J. F. Decker. 
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